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Comparison of Indentation Data

Motivation
The internal mechanisms and early stages of
cardiac development have been extensively
researched, however the external forces that
influence the heart are not well understood. It is
believed that structures other than the cardiac
tube play a significant role in the development of
the heart, notably during the looping process1.
With a better understanding of this process,
deformities that arise within the looping process
can potentially be corrected. Due to the
similarity in chicken and human embryo
development, this research has the potential to
reduce the 40,000 congenital heart defects
diagnosed every year in the United States.2
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Overview of cardiac looping. During early s-looping
(B-D), the primitive ventricle (V) migrates from its
initial position to the common atrium (A) to its
definitive position. Adapted from Ref. 3.

Methods for Harvesting Embryos and AFM Tests
Chick embryos are incubated for 48-52 hours at a constant temperature and humidity. Following this
process, the embryos are removed from the egg yolk and placed between a piece of filter paper and
a glass cover slip, with the cover slip on the ventral side of the chick. The image to the left below
shows what a typical embryo looks like following the incubation period with the major features of the
chick labeled. The embryo then has the vitelline membrane removed to allow direct access to the
cranial region of the embryo. This is done using glass microneedles. The embryo is also exposed to
verapamil to arrest the heartbeat, which is highly critical to obtaining accurate material property
measurements. The embryo is then transported to the AFM where indentations are performed on the
microscale along the neural tube of the cranial region. Using the properties of the AFM probe, values
such as stiffness of the embryo can be determined for localized regions. A sample AFM indentation
curve is shown below on the right along with how the stiffness value of the embryo is determined.
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Table displaying collected stiffness values for various embryo
environments using a colloidal probe and verapamil. Previously
published values are included.

Quantity
Indent Depth
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0-10 µm

0-5 µm

Indent Load

0-150 nN

0-10 nN

Probe Diameter

20 µm

10 µm
2

Contact Area

314.16 µm

Load/Area

0.477 mPa

19.63 µm

2

0.509 mPa

Table displaying indentation parameters and physical properties of the two
probes used within previously published indentation tests and our experiments.
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Figures showing the probe used in our tests (left) and the indenter used in
other embryonic tissue indent studies for chicks of similar stages (right).

The
main
focus
of
early
indentations has been to determine
whether the novel AFM method is
able to obtain accurate and
repeatable
material
property
measurements. Calculated values
for the chick embryo stiffness along
the neural tube compare favorably
to previously published data.
These values are shown in the
table to the top-left along with the
number of indentations performed
for each set of tests. In order to
compare our tests with previously
published values, there are some
significant differences that need to
be considered. First, the geometry
of the two probes are different. Our
probe has a colloidal geometry
with a 10 µm diameter while other
studies have used cylindrical
probes of a similar diameter. This
difference causes for the contact
area between our probe and
embryo to be roughly one order of
magnitude less than other studies.
A comparison of these values is
shown in the table to the middleleft and figures showing the two
probes are shown to the bottomleft. Additionally, our tests are the
first to perform AFM indentations
on live embryos. Because of this,
all internal fluids remain in the
sample during testing while other
studies removed such fluid, thus
alleviating internal pressure within
the embryos.
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Dorsal view of a chick embryo
incubated for 48 hours with
main physical features labeled.

Standard AFM indentation curve on the neural tube of a chick embryo. The
approach and retraction curves are labeled for when the probe goes into and
comes out of contact with the sample and the stiffness is found by performing
a linear regression near the max load.
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